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Explanatory Note 
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practices and as guides for administrative or legislative action. It 
is issued in limited quantities for the official use of Federal, State 
or cooperating agencies and in processed form for economy and to avoid 
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engaged in hydrographic and fishing research in the central 
Pacific. 
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PART I: THE OCEANOGRAPHIC PROJECT 
IN TRODUC TION 


Since the physical and chemical environment is of basic importance to 
organic production in the ocean, an Oceanographic Project was initiated 
within the Pacific Oceanic Fishery Investigations (P.0.F.I.) to describe 
this environment. This report is the first of several planned to present 
the hydrographic data in tabular and graphic form with discussions of some 
of the results. It is hoped that through these reports the data will 
become available to workers interested in the oceanography of the central 
Pacific. 


OBJECTIVES OF OCEANOGRAPHIC PROJECT 


The first objective of the Oceanographic Project is to describe the 
Major currents and the distribution of physical and chemical properties of 
the central equatorial Pacific in somewhat greater detail than has yet been 
done, The second objective is to describe and explain as many of the 
variations of these features as possible, The variations are probably 
very complex, being of various magnitudes and occurring over different 
intervals in time and space. Finally, the physical and chemical oceanography 
is being related to data collected on the organic production of the region 
by other P.O.F.I. projects. 


DESCRIPTION OF VESSEL, EQUIPMENT AND PROCEDURES 


Since this is the first report of oceanographic work accomplished by 
P.0.F.1., a orief description of the vessel, equipment and procedures is 
presented. 


The HUGH M. SMITH is one of three motor vessels operated by P.O.F.I. 
She is a U.S. Navy YP of 700 dead weight tons converted to carry out 
oceanographic and fishing research and is pictured in the frontispiece 
of this report. Her overall length is 128 feet and her beam 29 feet. Her 
design is identical to the West Coast bait boat tuna clipper. 


She has two adjacent laboratories on the main deck, one in which 
biological work is carried out and a second in which chemical analyses 
are performed. A third cabin at the disposal of the scientific personnel 
is located on the boat deck, This space houses most of the meteorological 
recording instruments and the recording sea surface thermograph. 


Loran equipment is aboard which allows very accurate fixes when within 
about 1400 miles of the Hawaiian Islands. Beyond this range, it is usually 
necessary to rely on astronomical fixes and dead reckoning for position. 


The hydrographic gear includes two winches on the main deck. The first 
of these is a Markey Type DES 3 15 hp. electric deck winch spooling 5/32" 
stainless steel wire rope, and used for hydrographic casts, and the second 
a Kolstrand hydraulic winch which spools 3/32" wire rope and develops 5 hp. 
for lowering the bathythermograph, A Markey Type DES 4 electric winch of 
the same general specifications as the hydrographic winch but spooling 1/4" 
stainless steel wire rope is located on the beat deck and is used for 
plankton tows. 


The instruments and procedures employed at sea are those more or less 
standard in oceanography and will be described simultaneously with a 
description of a hydrographic station. Such stations take 14+ to 4 hours , 
averaging about 2 hours. Upon arrival on station, the vessel is hove to 
and the 900 ft. bathythermograph lowered and retrieved. Nansen type water 
sampling bottles carrying protected and unprotected reversing thermometers 
are then lowered on the "hydrographic cast". After ten minutes of "soaking" 
the thermometers are considered to be at equilibrium, the water bottles are 
reversed by messengers along the wire, and then retrieved. A surface water 
sample is collected in an open bucket. A second "on station" bathythermograph 
observation is accomplished immediately after the "cast" is retrieved and 
this is followed by the plankton tow. Water samples for the determination 
of oxygen, inorganic phosphate and salinity are drawn in the order mentioned 
and all thermometers read and then check read by a second observer. 


Oxygen content is determined by the Winkler titration method. In- 
experienced personnel run duplicate titrations but it has been found that 
a single titration by experienced observers is sufficient. 


Inorganic phosphate is determined through use of the Automatic Servo- 
Operated Photometer, an instrument developed by the Scripps Institution of 
Oceanography. A pair of determinations are made for each water sample. 


Salinity samples, stored in citrate bottles, are returned to the P.O.F.I. 
laboratory in Honolulu. Two or more chiorinity determinations of each sample 
are made by the Knudsen method and converted to salinity. 


Most of the methods employed in processing the data are those used on 
the Marine Life Research Program of the Scripps Institution of Oceanography. 


The readings of protected and unprotected thermometers are "corrected" 
to readings "in situ" through the use cf graphs. 


Thermometric depths are computed and plotted on a graph of wire length 
minus thermometric depth versus wire length as developed by Robert 0. Reid 
and described by La Fond (1950). The actual depths of the water sampling 
bottles are determined on the basis of this curve and therefore the actual 
depths of all measurements of the physical and chemical properties are know. 
These measurements of temperature, salinity, oxygen and inorganic phosphate 
are plotted against depth for each hydrographic station. The points are 
then joinsd by smooth curves. The curve drawing involves, of course, an 
interpolation between points but a sufficient number of sampling bottles 
are included in each hydrographic cast that the interpolation error is quite 
small. In the case of temperature, the interpolation in the upper 275 meters 
is aided by the continuous bathythermograph trace. From the vertical distri- 
bution curves the interpolated values are read at standard depths and tabu- 
lated. 0%, a quantity approximately equivalent to the density, is determined 
through the use of the tables of La Fond (1940). From the values of temperature 
and salinity at standard depths dynamic computations are performed, using graphs 
printed by the U.S. Navy Hydrographic Office, except that the second order terms 
of the specific volume anomaly involving pressure are computed using a slide 
rule. The results of these computations lead to the determination of the ocean 
currents which are associated with the distribution of mass. 


The procedure described to this point is a more or less standard 
treatment of physical and chemical oceanographic data. Further analysis 
or presentation varies and is determined by the nature of the observations 
and the objectives of the presentation. 


PART II: SOME RESULTS OF THE 1950 WINTER CRUISE OF THE SMITH 
IN TRODUG TION 


Oceanographic data from the central equatorial Pacific is sparse. 
Information has been collected by various expeditions, the most notable 
being the seventh cruise of the CARNEGIE during 1928=29 but the scope and 
objectives of this cruise did not allow a closer spacing of hydrographic 
stations than one about every 200 miles in the equatorial Pacific region. 
With a spacing of 60 miles between stations, the data presented in this 
report are the most detailed yet to be published of the region. 


PRESENTATION OF DATA 


The station pattern for Cruise II of the SMITH was planned to cut 
perpendicularly across the major currents of the equatorial Pacific along 
two rather widely spaced lines (see Fig. 1). Two north-south lines at 
172°H and 158°W were followed (with the exception of stations 1 to 8). 
Stations 27-29 were not hydrographic stations. The data for each hydro- 
graphic station appears in tabular form at the end of this report. These 
data have been further represented by cross sections (Figs. 2-15). 


METHOD OF DRAWING CROSS SECTIONS 


In drawing the cross sections of temperature, inorganic phosphate, 
salinity, and oxygen (Figs. 8-15) an identical method has been employed. 
The depths of occurrence of the particular values for which isopleths are 
drawn were read from the vertical distribution curves for each station, 
the points plotted and the cross sections drawn. To give an objective 
presentation, the isopleths were drawn through all points except those 
which were unquestionably in error. 


BRIEF DESCRIPTION OF CROSS SECTIONS 


Dynamic Height Cross Sections (Figs. 2 and 3): 


These sections show the smoothed profiles of isobaric surfaces with 
respect to the 1000 decibar surface. The dots represent the actual results 
of dynamic computations and are plotted to show what liberties with the 
data have been taken in the smoothing process, Significant features of 
these sections will be described under Current Sections below. 


Bathythermograph Sections (Figs. 4 and 5): 


900 ft. bathythermograph observations were made apvroximately every 
10 miles along both lines of stations. The unsmoothed results are pre- 
sented in Figs. 4 and 5. 


A horizontal eddy appears on the eastern section as a deep penetration 
of warm water at about 124°N. The existence of this eddy is substantiated 
by further evidence which is discussed in ensuing sections of this report. 


At the top of the diagrams, the surface temperature is plotted 
according to the inset temperature scale. To draw this curve, surface 
temperature observations were plotted and a smooth curve drawn with the 
aid of records of the recording thermograph which was in continuous 
operation during the cruise, These curves indicate warm surface water at 
the southern end of the station lines and relatively cold surface water 
at the equator. From the equatorial region northward the sea surface 
becomes gradually warmer to about 7°N but sudden increases occur near 
2°N along the western section and near L3N along the eastern. These 
rapid changes in the sea surface temperature over very short distances 
have the appearance, almost, of discontinuities on the thermograph trace. 
It is interesting to note that on the western section this pronounced 
"discontinuity" occurs immediately over a deepening of the homogenous 
surface layer. No reasonable smoothing of the thermocline depth or the 
65°, 70° and 75° isotherms would eliminate this relationship. The 
temperature "discontinuity" must be the result of a convergence in the 
surface current. Sinking of surface water would result, and this view 
is consistent with the deepening of the thermocline. On the eastern 
section this relationship is somewhat less clearly defined. There are 
apparently two or three "deepenings" of the thermocline associated with 
a relatively broad region of rapid surface temperature change which includes 
a small "discontinuity". This situation is believed to result from a less 
pronounced convergence with a broader region of sinking than at the western 
convergence, 


From 7°N the surface temperature decreases northward. A third sudden 
change in the surface temperature was noted on the thermograph trace at 
about 145°N along the eastern line of stations and is possibly associated 
with the horizontal eddy circulation. The three sea surface temperature 
"discontinuities" described above are the only ones which appeared along 
the station lines. 


Current Sections (Figs. 6 and 7): 


The relative currents shown in Figs. 6 and 7 were computed from the 
smoothed profiles of Figs. 2 and 3 by means of the geostrophic formula: 


> = 10? (AD4-4 Dp) 
L2q@ Sin#¥ 


where ADag- ADp--difference in dynamic height anomalies at 
two hydrographic stations, A and B. 


L ® distance between stations A and B. 


® = angular rig of the earth's rotation (0.729x1074 radians 
per sec. 


and ® = mean latitude between stations A and B. 
If cgs units are used, v is given in cm.per.sec. Because of the uncertainty 
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of relative current computations near the equator, the results between 3ON 
and 3°S have not been included in the figures. 


The major currents are immediately recognizable on either the relative 
current sections or the dynamic height profiles, The western sections 
(Figs. 2 and 6) show a moderately strong North Equatorial Current flowing 
toward the West between latitudes 15°N and 103°N. Between 10$°N and 53°N 
the strong Equatorial Countercurrent flows towards the East. South of the 
countercurrent to about 2$°S is the South Equatorial Current. 


‘North of the North Equatorial Current is a peaee region of nearly slack 
water. A slight easterly flow between 16°N and 19°N and down to about 50 m. 
is indicated, This may be a true feature, but the magnitude of the current 

is about as small as errors inherent in the method of relative current 
determinations. A similar easterly flow of considerable magnitude is 

apparent between approximately 26°S and 4B°S However, it should be pointed 
out that observations of internal waves during this cruise revealed oscil- 
lations in the thermocline of a magnitude large enough to cause the fictitious 
appearance of such a current if the hydrographic stations chanced to have been 
spaced with respect to the phase of the oscillation in a manner conducive to 
producing this feature. 


On both the eastern (Figs. 3 and 7) and western sections, the counter- 
current is strong only in the layer above 200 m., no speeds greater than 
7 cm./sec. appearing below this depth. At slower speeds the northern half 
of the countercurrent reaches to at least the 700 db. surface though it is 
very slow throughout the greater depths. The South Equatorial Current 
appears to extend northward beneath the southern portion of the counter= 
current. 


The swiftest part of the countercurrent appears at about 50 m. below 
the surface and near its southern boundary. Rather unexpectedly a large 
anticyclonic shear is indicated. 


It was mentioned in the discussion of the bathythermograph sections 
that along the eastern station line the boundary between the North Equatorial 
Current and the countercurrent is complicated by the existence of a large 
horizontal eddy. The dynamic profile and current sections show this eddy 
centered slightly north of 11°N. The flow in the eddy is, of course, not 
geostrophic, Due to the effects of curvature and frictional forces, the 
current speeds indicated in the eddy may be appreciably in error. 


Temperature Sections (Figs. 8 and 9): 

These cross sections are based on temperatures from reversing thermo- 
meters. The isotherms above 300 m. show, of course, the same general 
features as the bathythermograph sections. 


The cold surface water at the equator is strikingly in evidence. 


Inorganic Phosphate Sections (Figs. 10 and 11): 


Both sections show the same general features. The surface layer is 
generally low in phosphate and there is an increase in concentration with 


depth. The cold, rich phosphate waters sie the thermocline approach 
nearest to the surface at about 9°%N or 10 N at the boundary between the 
North Equatorial and Equatorial Countercurrent, 


Probably of greater importance to phytoplankton production is the 
distribution of inorganic phosphate in the "mixed layer" above the 
thermocline, The greatest enrichment of the surface layer is in the 
immediate vicinity of the equator. From this region northward the 
concentration decreases to a value of about .4mg at./l. and remains 
nearly constant thereafter. There is no evidence that any enrichment 
of the surface layer is occurring at the boundary between the North 
Equatorial and the countercurrent. 


The eddy appears again on the eastern section. A rising of the 
AME at./l. isopleth toward the surface at 15/N and a local maximum 
of something greater than ob Me at./l. at a depth of about 50 m. are 
shown, but a word of caution should be injected. This particular 
feature (the o4 ME at./l. isopleth) is drawn entirely on the basis 
of a pair of inorganic phosphate determinations from a single water 
sample, The two values obtained were 0.49 and 0.72fg at./l., the 
difference between these values being much greater than the apes 
between average pairs of determinations. The mean value of .6 Me ate/le 
is not reliable but has been included in accordance with the policy of 
ignoring only those values which are known definitely to be in error. 


This point is discussed at such length because of the possibility 
that horizontal eddies at current boundaries may result in vertical 
movements to produce an enrichment of waters near the surface. The 
dubious phosphate determination is not considered to be evidence in 
support of or against this view. 


Salinity and Oxygen Sections (Figs. 12-15): 


The isohalines in the eddy are more complicated than those at a 
comparable latitude in the western cross section. 


Levels of minimal oxygen concentration are represented on Figs. 14 
and 15 by dashed lines, All levels above and below which the oxygen 
concentration increases are drawn if the minimum layer so defined appears 
on two or more consecutive stations. Double and triple minima were 
encountered at some stations. ; F 


INFORMATION FROM WIRE ANGLES 


Wire angles are given with the tabular summary of data for each 
hydrographic station, It was necessary to occupy a number of stations 
near the equator while under power "upstream" to keep the wire angle 
down, The angle would have been at least 60° in these cases had the 
vessel not been underway. 


Wire angles in the countercurrent are generally small compared to 
those in the swift parts of the North and South Equatorial Currents. 
That this should be true is quite reasonable when the forces tending to 


move the vessel with respect to the nearly motionless waters at the bottom 
of the cast are considered. The winds throughout the cruise were generally 
from the East tending to drive the vessel toward the West. Within the 

North and South Equatorial Currents which flow also toward the West, the 
vessel is carried westward with respect to the deep waters by both the 

wind and the surface current and large wire angles result. In the counter- 
current, the flow is directed toward the East but the wind, as before, toward 
the West (during Cruise II). The resultant drift of the vessel with respect 
to the deep water is small and small wire angles result. 


The wire angles are consistent with the existence of an eddy at the 
northern boundary of the countercurrent on the eastern section. Large wire 
angles were encountered through the southern lobe of the eddy where the 
current was directed West. Relatively small wire angles were recorded at 
the stations at 13°N and 14°N located within the easterly flow of the 
northern lobe of the eddy. The wind velocity did not alter appreciably 
across the eddy. The large wire angles at 11% and 12% may indicate that 
the center of the eddy is incorrectly located on the dynamic height and 
current profiles. 


Larger wire angles were encountered in the vicinity of the equator 
than in the swiftest parts of the North Equatorial Current under comparable 
wind conditions, Therefore, the South Equatorial Current was probably 
flowing more swiftly than the North Equatorial Current. 


DISCUSS ION 


Upwelling is occurring in the immediate vicinity of the equator on 
both station lines. This is evidenced, for example, by the high phosphate 
concentrations and low temperatures in the surface layer above the equator. 
This upwelling results from a divergence of the pure wind drift current 
along the equator. 


An abrupt change in surface temperature indicated on the thermograph 
traces and occurring over deepenings of the homogenous surface layer 
indicate surface convergence and sinking. The regions of sinking do not 
coincide with the countercurrent boundary. 


The other data indicate pronounced sinking motion at the surface 
temperature "discontinuity". The surface water rich in phosphate, for 
example, extends farther north on the eastern than on the western section, 
the .6 [J g at./l. isopleth being found at about 4°N on the former and 
between 2°N and 3°N on the latter. This suggests that upwelled water is 
descending farther from the equator on the eastern than on the western 
section, which is consistent with the positions of the convergence along 
the two sections. This evidence alone would not be conclusive, however, 
due to a possible difference of phytoplankton activity (and other factors) 
at the two locations. 


A cellular circulation is indicated. On both sections, surface 
divergence and upwelling is occurring at the equator and downward motion 
at a convergence some distance to the North. At and near the sea surface, 
water is moving from the equatorial divergence northward to the convergence 


and a compensating equatorward flow very likely develops at a slightly 
greater depth. 


Apparently there is a circulation cell to the north of and immediately 
adjacent to the equator which is in some respects similar to that described 
by Sverdrup (1938) for the California coastal waters during periods of 
upwelling, In our case, the plane of the equator acts as a "coastline". 
The intensity of this circulation will depend on the relatively local wind 
conditions as will the position of the convergent zone. 


At the northern boundary of the countercurrent there is no evidence of 
a major upwelling. That the thermocline approaches nearest to the surface 
at this boundary is evident, Defant (1936) explains that this must be true 
in the presence of the existing horizontal currents. It is necessary to 
the dynamic balance within northern hemisphere currents that relatively 
dense water lie to the left of an observer facing dowmstrean. 


There is a horizontal eddy at the north boundary of the countercurrent 
on the eastern station line. Its precise size is not known for there is no 
assurance that the SMITH crossed along its greatest diameter. 


The countercurrent may "meander" as does the Atlantic Gulf Stream. An 
eddy of the size encountered at the countercurrent boundary was probably 
formed in the way that eddies of comparable size are formed along the 
boundaries to the Atlantic Gulf Stream as described by Iselin (1948). 
According to Iselin, "These eddies appear to be actual segments of the 
main stream that have broken away from the parent body when the Gulf 
Stream, in its meanderings, formed an excessively large loop in its 
path", The existence of this eddy is, therefore, indirect evidence that 
the countercurrent "meanders", 
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